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SAFETY CIRCUIT AND BATTERY PACK
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 2007-97981 filed on Sep. 28, 2007, the disclosure
of which 1s incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Aspects of imvention relate to a safety circuit and a battery
pack using the same, and more particularly to a safety circuit
that can interrupt a main electric current path 1n which an
clectric current being supplied to a load flows, and a battery
pack using the same.

2. Description of the Prior Art

A secondary battery can be repeatedly recharged and
reused, in contrast to a primary battery that can be charged
and used only once. Accordingly, the secondary battery fre-
quently has been used as a main power supply of portable
clectronic devices for communication, information process-
ing, and reproducing audio/video. The secondary battery 1s
super lightweight and environmentally-friendly, and has a
long life, a high energy density, a high output voltage, and a
low selt-discharge rate. Accordingly, a great deal of attention
recently has been focused on the secondary battery, and its
development has rapidly progressed.

There are various types of secondary batteries, such as a
nickel-hydrogen (N1-MH) battery and a lithium 10n battery,
etc., that use different electrode active materials. There are
various types of lithium 10n batteries, such as a liquid elec-
trolyte battery, a solid polymer electrolyte battery, and a gel
phase electrolyte, etc., that use different kinds of electrolytes.
Secondary batteries have various types of packages, such as a
prismatic type package and a pouch type package, etc.

Typically, a plurality of rechargeable secondary batteries
are assembled into a battery pack for use in portable elec-
tronic devices, such as a portable computer. A charging/dis-
charging control circuit 1s provided in the battery pack to
control charging/discharging of the battery pack. The charg-
ing/discharging control circuit opens or closes a charging/
discharging path by turning on or oif a switching element to
charge or discharge the battery pack. If the switching element
1s not operated at the proper time during charging/discharging
of the battery pack, the battery pack may overheat due to
overcharging, or due to an overcurrent caused by an overload
or an electrical short in the battery pack, which may cause the
battery pack to explode. A safety circuit including a thermal
fuse may be provided 1n the battery pack to prevent this from
happening by opening the thermal fuse when overcharging or
an overcurrent 1s detected. However, an RF signal transmitted
from a radio set operated near the battery pack may cause the
safety circuit to malfunction and prevent the thermal fuse
from opening when 1t should open, or cause the thermal fuse
to erronecously open when 1t should remain closed. If the
thermal fuse 1s prevented from opening when 1t should open,
the battery pack may overheat and possibly explode. If the
thermal fuse erroneously opens when i1t should remain closed,
a device powered by the battery pack can no longer be used,
thereby mnconveniencing a user of the device. I this happens,
and the thermal fuse 1s resettable, the thermal fuse can be reset
and the battery pack can continue to be used to power the
device. However, i1 the thermal fuse 1s non-resettable, 1t can-
not be reset, and the battery pack can no longer be used to
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power the device, and must be replaced, thereby inconve-
niencing the user and causing the user to incur the expense of
replacing the battery pack, which may be substantial.

SUMMARY OF THE INVENTION

Aspects of the invention relate to a battery pack that can
prevent overheating and danger of explosion due to over-
charging and overdischarging.

Aspects of the invention also relate to a safety circuit of a
battery pack that can prevent an erroneous operation of a
thermal fuse caused by reception of an RF signal transmitted
from a radio set operated near the battery pack.

According to an aspect of the mvention, a safety circuit
includes a thermal fuse electrically connected 1n a main cur-
rent path so that an electric current flowing in the main current
path flows through the thermal fuse; a switching element
clectrically connected to the thermal fuse to cause the thermal
fuse to open and interrupt the electric current flowing in the
main current path when the switching element 1s turned on; a
microcontroller electrically connected to the switching ele-
ment and the main current path to turn on the switching
clement when an overcurrent tlows 1n the main current path;
and a noise removing unit electrically connecting the micro-
controller to the switching element.

According to an aspect of the mvention, a battery pack
using a safety circuit includes a rechargeable battery electri-
cally connected to a main current path; a charging/discharg-
ing direction switching element unit electrically connected 1n
the main current path to set a charging/discharging direction
of the main current path; a thermal fuse electrically connected
in the main current path so that an electric current flowing 1n
the main current path flows through the thermal fuse; a
switching element electrically connected to the thermal fuse
to cause the thermal fuse to open and interrupt the electric
current flowing 1n the main current path when the switching
clement 1s turned on; a protection circuit electrically con-
nected to the rechargeable battery to measure a voltage of the
rechargeable battery, and electrically connected to the charg-
ing/discharging direction switching unit to control the charg-
ing/discharging direction switching unit to set the charging/
discharging direction of the main current path, wherein the
protection circuit outputs signals providing information
about the measured voltage of the rechargeable battery and
information about operating conditions of the protection cir-
cuit; a microcontroller electrically connected to the protec-
tion circuit to receive the signals providing information about
the measured voltage of the rechargeable battery and the
operating conditions of the protection circuit outputted from
the protection circuit, electrically connected to the main cur-
rent path to measure an amount of the electric current flowing,
in the main current path, and electrically connected to the
switching element to turn on the switching element when an
overcurrent flows in the main current path; and a noise remov-
ing unit electrically connecting the microcontroller to the
switching element.

According to an aspect of the invention, the thermal fuse
includes a fuse electrically connected 1n the main current path
so that the electric current flowing 1n the main current path
flows through the fuse; and a heater to heat the fuse when an
clectric current flows through the heater; and the switching
clement 1s electrically connected to the heater to cause an
clectric current to flow through the heater when the switching
clement 1s turned on.

According to an aspect o the invention, the safety circuit or
the battery pack further includes a diode electrically connect-
ing the switching element to the thermal fuse to enable a
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forward current to tlow from thermal fuse to the switching
clement, and to prevent a reverse current from flowing from

the switching element to the thermal fuse.

According to an aspect of the invention, the switching
clement 1s a field-effect transistor.

According to an aspect of the invention, the safety circuit or
the battery pack further includes a resistor electrically con-
necting a drain of the field-effect transistor to ground to
control an amount of electric current tlowing through the
field-effect transistor to ground.

According to an aspect of the invention, the noise removing
unit includes a noise preventing diode electrically connecting
the switching element to the microcontroller to enable a for-
ward current to flow from the microcontroller to the switching
clement, and to prevent a reverse current from flowing from
the switching element to the microcontroller.

According to an aspect of the invention, the noise prevent-
ing diode 1s a Schottky diode.

According to an aspect of the mvention, a length of a
printed circuit pattern electrically connecting the noise pre-
venting diode to the microcontroller 1s 1n a range of 0.5 to 3
mm.

According to an aspect of the invention, the safety circuit or
the battery pack further includes a damping resistor electri-
cally connecting the switching element to the noise prevent-
ing diode.

According to an aspect of the invention, a power consump-
tion of the damping resistor 1s 1n a range of V2 to Vis W.

According to an aspect of the mvention, a safety circuit
includes a thermal fuse electrically connected 1n a main cur-
rent path so that an electric current flowing 1n the main current
path flows through the thermal fuse; a switching element
clectrically connected to the thermal fuse to cause the thermal
fuse to open and interrupt the electric current flowing in the
main current path; a microcontroller electrically connected to
the main current path to measure an amount of the current
flowing in the main current path, and output a control signal to
turn the switching element on when an overcurrent flows in
the main current path; and a noise removing unit electrically
connecting the microcontroller to the switching element to
receive the control signal outputted from the microcontroller,
remove noise generated by the microcontroller from the con-
trol signal to obtain a noise-iree control signal to prevent the
noise from causing an erroneous operation of the switching
clement, and output the noise-free control signal to the
switching element to turn the switching element on.

According to an aspect of the invention, the safety circuit
turther includes a printed circuit electrically connecting the
noise removing unit to the microcontroller to transmit the
control signal outputted from the microcontroller to the noise
removing unit; wherein the printed circuit pattern acts as an
antenna to receive an RF signal generated by a radio set
operated near the safety circuit, thereby generating RF noise
in the control signal transmitted by the printed circuit pattern;
and the noise removing unit removes the RF noise from the
control signal to obtain the noise-free control signal to pre-
vent the RF noise from causing an erroneous operation of the
switching element.

Additional aspects and/or advantages of the invention will
be set forth 1n part 1n the description that follows and, 1n part,
will be obvious from the description, or may be learned by
practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
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from the following description of embodiments of the mven-
tion, taken 1n conjunction with the accompanying drawings of

which:

FIG. 11s acircuit diagram of a safety circuit according to an
aspect of the invention;

FIG. 215 a circuit diagram of a safety circuit according to an
aspect of the invention;

FIG. 3 1s a circuit diagram of a battery pack according to an
aspect of the invention; and

FIG. 4 1s a circuit diagram of a battery pack according to an
aspect of the invention;

(Ll

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Retference will now be made 1n detail to embodiments of
the 1nvention, examples of which are shown 1n the accompa-
nying drawings, wherein like reference numerals refer to like
clements throughout. The embodiments are described below
in order to explain the invention by referring to the figures.

In the following description, when a first element 1s
described as being “connected to” a second element, 1t 1s
understood that the first element may be directly connected to
the second element without any intervening elements ther-
cbetween, or may be indirectly connected to the second ele-
ment through one or more intervening elements. Also, when
a first element 1s described as “connecting™ a second element
to a third element, 1t 1s understood that the first element may
be directly connected to the second element and the third
clement without any intervening elements therebetween, or
may be indirectly connected to the second element and the
third element through one or more intervening elements.

FIG. 11s acircuit diagram of a safety circuit according to an
aspect of the invention. Referring to FIG. 1, a safety circuit
100 includes a thermal fuse 110, a switching element 120, a
microcontroller 130 (MCU), and a noise removing unit 140.

The thermal fuse 110 1s electrically connected in a main
current path 30. The thermal fuse 110 includes a fuse 111 that
interrupts an electric current by increasing 1ts internal resis-
tance to a substantially infinite value or by melting when a
critical temperature of the tuse 111 1s reached, and a heater
112 to heat the fuse 111. The fuse 111 may be aresettable fuse
or a non-resettable fuse. A fuse 111 that increases 1t internal
resistance to a substantially infinite value when 1t reaches the
critical temperature 1s an example of the resettable fuse. A
fuse 111 that melts when 1t reaches the critical temperature 1s
an example of the non-resettable fuse. The resettable fuse
may be implemented by a positive thermal coelficient ther-
mistor, etc., that mterrupts the electric current by increasing,
its resistance value to a substantially infinite value due to
heating of the heater 112, and allows the electric current to
flow by decreasing 1ts resistance value a temperature thereof
decreases. The non-resettable fuse may be implemented by a
lead wire or a ceramic type fuse, etc., that interrupts the
clectric current by melting when the electric current flow
exceeds a critical value of the electric current. The main
current path 30 in which the fuse 111 1s connected may be a
main current path through which a battery 1s charged or
discharged, and/or a main current path through which electric
power 1s to supplied to a load, such as a portable electronic
device. For example, a battery may be connected to the left
terminal labeled “+” 1n FIG. 1, and a load may be connected
to the right terminal labeled “+” 1in FIG. 1.

The switching element 120 is electrically connected to the
heater 112 of the thermal fuse 110, and 1s turned on by a signal
outputted from the microcontroller 130 to heat the heater 112
to open the fuse 111 of the thermal fuse 110.
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The microcontroller 130 1s electrically connected to the
main current path 30 to measure an electric current flowing in
the main current path 30, and output a signal to the switching
clement 120 electrically connected to the microcontroller 130
to turn on the switching element 120 when the electric current
1s over a specific critical value. More specifically, the micro-
controller 130 measures the electric current by measuring a
voltage across a sensing resistor 20 connected in the main
current path 30, since the voltage across the sensing resistor
20 1s proportional to the current flowing through the sensing
resistor 20, which 1s the current flowing in the main current
path 30. When the microcontroller 130 detects an overcurrent
flowing in the main current path 30, the microcontroller 130
clectrically connected to the swﬂchmg clement 120 turns on
the switching element 120 so that an electric current flows in
the heater 111 of the thermal fuse 110 until the fuse 111 of the
thermal fuse 110 overheats and opens, thereby interrupting
the overcurrent flowing in the main current path 30.

Although measuring the voltage across the sensing resistor
20 has been described as one example of a method of mea-
suring the electric current flowing 1n the main current path 30,
it 1s understood that the invention 1s not limited to this
method, and that other methods of measuring the electric
current by the microcontroller 130 may be used.

The noise removing unit 140 electrically connects the
microcontroller 130 to the switching element 120. When the
switching element 120 1s turned on by a signal outputted from
the microcontroller 130 to heat the heater 111 of the thermal
fuse 110, the noise removing unit 140 removes noise 1n a
signal outputted from the microcontroller 130 to prevent the
noise from interfering with the proper operation of the
switching element 120. Also, the switching element 120 may
be connected to the microcontroller 130 by a printed circuit
pattern that may act as an antenna capable of recetving an
external RF signal. IT a radio set 1s operated to transmit an RF
signal while the radio set 1s near the safety circuit, the printed
circuit pattern may recerve the RF signal and generate noise.
The noise removing unit 140 also removes this noise to pre-
vent the noise from 1nterfering with the proper operation of
the switching unit 120. The noise generated by the microcon-
troller 130 and the printed circuit pattern may prevent the
switching element 120 from turning on or off when 1nstructed
to do so by the microcontroller 130, or may cause the switch-
ing element to turn on when 1t should be off, or turn off when
it should be on, and the noise removing unit 140 removes the
noise to prevent this from happening. The noise removing
unit 140 may be implemented by a passive filter using passive
clements such as a capacitor and aresistor, etc., orby an active
filter using an active element and one or more passive ele-
ments, and may be implemented as a discrete circuit using the
passive elements, or the active element and the one or more
passive elements, or as an integrated circuit, such as a con-
stant voltage IC having a constant current function.

A diode 113 for preventing a reverse current electrically
connects the switching element 120 to the heater 112 to allow
a forward current to flow from the heater 112 to the switching
clement 120, and 1s connected to a drain of the switching
clement 120 11 the switching element 120 1s implemented by
a field-effect transistor. The diode 113 for preventing the
reverse current prevents an electric current from flowing from
the switching element 120 to the heater 112 to prevent
improper operation of the heater 112.

The switching element 120 may be implemented by a
field-etlect transistor, a bipolar transistor, or any other suit-
able switching element. When the switching element 120 1s
implemented by a field-efiect transistor, such as an N-channel

MOSFET as shown 1n FIG. 1, or any other suitable field-
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cifect transistor, a gate of the switching element 120 1s elec-
trically connected to the noise removing unit 140, and noise in
a signal outputted from the microcontroller 130 and noise
generated by a printed circuit pattern connecting the micro-
controller 130 to the switching element 120 1s removed by the
noise removing unit 140 to prevent the noise from being
inputted to the gate of the switching element 120 and inter-
tering with the operation of the switching element 120.

A source of the switching element 120 1s electrically con-
nected to ground through a resistor 114. The resistor 114
controls an electric current flowing through the switching
clement 120, and thus controls the electric current flowing
through the heater 112. Thus, an amount of current flowing
through the heater 112 can be adjusted by adjusting a resis-
tance value of the resistor 114.

FIG. 21s a circuit diagram of a safety circuit according to an
aspect of the invention. Referring to FIG. 2, a safety circuit
200 includes a thermal fuse 110, a switching element 120, a
microcontroller (MCU) 130, and a noise preventing diode
210. The thermal fuse 110, the switching element 120, and the
microcontroller 130 shown 1n FIG. 2 are the same as those
shown in FIG. 1.

However, instead of the noise removing unit 140 shown 1n
FIG. 1, the safety circuit 200 shown 1n FIG. 2 includes a noise
preventing diode 210 electrically connecting the switching
clement 120 to the microcontroller 130 to allow a forward
current to flow from the microcontroller 130 to the switching
clement 120. The noise preventing diode 210 removes noise
by itseli by preventing a current from flowing to the switching
clement 120 until an output voltage of the microcontroller
130 exceeds a threshold voltage of the noise preventing diode
210, thereby eliminating the need for a more complicated
circuit to remove the noise, such as the noise removing unit
140 shown 1n FIG. 1. The noise preventing diode 210 may be
implemented by a Schottky diode passing a low frequency
band signal to remove the noise better.

A length of a printed circuit pattern 211 connecting the
noise preventing diode 210 to the microcontroller 130 1s
preferably in the range of 0.5 to 3 mm. If the length of the
printed circuit pattern 211 1s greater than 3 mm, the printed
circuit pattern 211 can act as an antenna and receive an
external RF signal, such as an RF signal transmitted by aradio
set operated near the safety circuit, thereby generating a noise
current, which can cause the switching element 120 to turn on
erroneously when 1t should remain off. This causes the heater
112 to heat up, which causes the thermal fuse 110 to open and
interrupt the main electric current path 30. On the other hand,
if the length of the printed circuit pattern 211 1s smaller than
0.5 mm to prevent the printed circuit pattern from acting as an
antenna, the noise preventing diode 210 will be very close to
a terminal of the microcontroller 130, making it difficult to
clectrically connect the noise preventing diode 210 to the
microcontroller 130.

A damping resistor 220 electrically connects the switching
clement 120 to the noise preventing diode 210. When an RF
signal 1s transmitted from the radio set operated near the
printed circuit pattern 211, the damping resistor 220 damps
the noise current generated 1n the printed circuit pattern 211
by reception of the RF signal, thereby preventing the switch-
ing element 120 from turning on erroneously.

The damping resistor 220 preferably has a power consump-
tion 1n the range of 2 to Vie W. When an RF signal 1s trans-
mitted from a radio set having a transmission output of 4 W
operating near the noise preventing diode 210, the microcon-
troller 130, and the noise removing umt 140, the damping
resistor 220 having the power consumption in the range of %>
to V1 W 1s effective to damp the noise current generated in the
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printed circuit pattern 211 by reception of the RF signal.
Experiments were conducted with radio sets operating 1n the
UHF and VHF frequency bands, and the damping resistor 220
successiully damped the noise current generated in the
printed circuit pattern 211 by RF signals 1n a range of 400 to
470 MHz.

FIG. 3 1s a circuit diagram of a battery pack according to an
aspect of the mnvention. Referring to FIG. 3, a battery pack
300 including a safety circuit includes a rechargeable battery
310, a charging/discharging direction switching unit 320, a
thermal fuse 110, a switching element 120, a protection cir-
cuit 330, a microcontroller (MCU) 340, and a noise removing
unit 140. The battery pack 300 1s connected to a load or
charger 700 so that the battery pack 300 1s connected to the
load 700 during a discharging operation, and 1s connected to
the charger 700 during a charging operation.

The battery 310 1s a rechargeable battery, and includes one
battery cell, or a plurality of battery cells connected 1n series
and/or parallel. The battery 310 may be a lithium polymer
battery, or a lithium 10n battery, or any other suitable type of
rechargeable battery, and may be packaged as a prismatic
type battery 1n which an electrode assembly 1s sealed in a
metal can, or a pouch type battery in which the electrode
assembly 1s sealed 1n a pouch, or in any other suitable type of
battery package.

The charging/discharging direction switching unit 320 1s
clectrically connected 1n a main current path 30 of the battery
to set a charging/discharging direction of the main current
path 30. A charging direction 1s from right to left in the main
current path 30 so that current flows from the charger 700 to
the battery 310 during a charging operation, and a discharging
direction 1s from leit to right in the main current path 30 so
that current flows from the battery 310 to the load 700 during
a discharging operation. These charging and discharging
directions are applicable when the anode and the cathode of
the battery 310 are oriented as shown 1n FIG. 3, and will be in
the opposite directions 1f the anode and the cathode of the
battery 310 are oriented in the opposite direction to that
shown 1n FIG. 3. The charging/discharging direction switch-
ing unit 320 includes a switching element 321 for discharging
and a switching element 322 for charging, each of which may
be implemented by a field-effect transistor, such as an
N-channel MOSFET as shown 1n FIG. 3, or a P-channel type
MOSFET, or any other suitable field-effect transistor. The
charging/discharging direction switching unit 320 further
includes a parasitic or internal diode 3214 1s electrically con-
nected between a source and a drain of the switching element
321 for discharging to allow a only charging current flowing
from right to left in the main current path 30 to bypass the
switching element 321 for discharging when the switching
clement 321 for discharging is turned oif

. The charging/dis-
charging direction switching unit 320 further includes a para-
sitic or internal diode 3224 electrically connected between a
source and a drain of the switching element 322 for charging
to allow a only discharging current flowing from leit to right
in the main current path 30 to bypass the switching element
322 for charging when the switching element 322 for charg-
ing 1s turned off.

The thermal fuse 110 1s electrically connected in the main
current path 30 of the battery pack 300. Since the thermal fuse
110 has the same function and constitution as the thermal fuse
110 shown 1n FI1G. 1, adetailed description of the thermal fuse
110 will be omatted.

The switching element 120 1s electrically connected to the
thermal fuse 110 to cause the thermal fuse 110, to interrupt the
main current path 30 when the switching element 1s turned on.

Since the switching element 120 has the same function and
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constitution as the switching element 120 shown 1n FIG. 1, a
detailed description of the switching element 120 will be
omitted.

The protection circuit 330 1s electrically connected to the
battery 310 to measure a voltage of the battery 310, and 1s
clectrically connected to the charging/discharging direction
switching unit 320 to turn on or off the switching element 321
for discharging and the switching element 322 for charging
according to a charging/discharging condition of the battery
310 determined based on the measured voltage of the battery
310. When the protection circuit detects overcharging or
overdischarging of the battery 310, the protection circuit 330
turns off the switching element 321 for discharging and the
switching element 322 for charging to interrupt an electric
current flowing 1n the main current path 30, thereby protect-
ing the battery 310 from damage. The protection circuit 330
may transmit the measured voltage of the battery 310, oper-
ating states of the switching 321 for discharging and the
switching element 322 for charging, and operating conditions
of the protection circuit 330 to the microcontroller 340.

The microcontroller 340 1s electrically connected to the
protection circuit 330 to recerve the measured voltage of the
battery 310, the operating states of the switching 321 for
discharging and the switching element 322 for charging, and
the operating conditions of the protection circuit 330 from the
protection circuit 330, 1s electrically connected to the main
current path 30 to measure an electric current flowing in the
main current path 30, and 1s electrically connected to the
switching element 120 to turn on the switching element 120.
The electric current flowing in the main current path 30 may
be measured using the sensing resistor 20. Specifically, the
microcontroller 340 1s electrically connected to the sensing
resistor 20 electrically connected 1n the main current path 30
to measure a voltage across the sensing resistor 20, calculate
the electric current tlowing i1n the main current path 30 by
dividing the voltage across the sensing resistor 20 by a resis-
tance of the sensing resistor 20. When the microcontroller
detects an overcurrent flowing 1in the main current path 30, the
microcontroller outputs an ON signal to the switching ele-
ment 120 to turn the switching element 120 on and cause the
thermal fuse 110 to interrupt the overcurrent flowing in the
main current path 30. The microcontroller 340 1s electrically
connected to the protection circuit 330 to enable the protec-
tion circuit 330 to read the operating states of the switching
clement 321 for discharging and the switching element 322
for charging, and detect improper and dangerous operating
states of the switching element 321 for discharging and the
switching element 322 for charging, such as always maintain-
ing an ON state, etc., that may occur if the switching element
321 for discharging and the switching element 322 for charg-
ing are not being controlled properly by the protection circuit
330. When such improper or dangerous states are detected,
the microcontroller 340 may output the ON signal to the
switching element 120 to turn the switching element 120 on
and cause the thermal fuse 110 to interrupt the main current
path 30. The microcontroller 340 may include a communica-
tion function to enable the microcontroller 340 to transmit
condition information of the battery 310 through a data line to
an external device, such as an electric power management
system of a portable electronic device.

The noise removing unit 140 clectrically connects the
microcontroller 340 the switching element 120. The noise
removing unit 140 removes noise 1n a signal outputted from
the microcontroller 340 and noise current generated by the
printed circuit pattern electrically connected to the switching,
clement 120 and the microcontroller 340 acting as an antenna
and recerving an RF signal transmitted by a radio set operat-
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ing near the battery pack 300 to prevent the noise from inter-
fering with the operation of the switching element 120 or
causing the switching element 120 to turn on erroneously
when it should remain off. The protection circuit 330 outputs
control signals to the charging/discharging direction switch-
ing unit 320 to control the charging/discharging direction
switching unit 320 to prevent a surge voltage and an impulse
current generated during an ON operation or an OFF opera-
tion from tlowing through the switching element 120. When
the microcontroller 340 recetves a signal from or outputs a
signal to the protection circuit 330, the sensing resistor 20,
and the load or charger 700, or when a central processing unit
of the microcontroller 340 executes an internal operation such
as a processing function, etc., the noise removing unit 140
prevents a small signal noise current generated by the micro-
controller 340 from flowing from the microcontroller 130 to
the switching element 120. Since the noise removing unit 140
has the same function and constitution as the noise removing,
unit 140 shown 1n FIG. 1, a detailed description of the noise
removing unit 140 will be omitted.

The thermal fuse 110 1includes the fuse 111 and the heater
112 to heat the fuse 111. When the switching element 120 1s
turned on, the heater 112 1s heated by an electric current
flowing 1n the heater 112, thereby heating the fuse 111 until 1t
opens, either by melting or by increasing its internal resis-
tance to a substantially infinite value. The thermal fuse 110
interrupts the electric current flowing in the main current path
30 to exat from of a dangerous state, such as overcharging or
overheating of the battery 310, by the opening of the fuse 111
caused by the heating of the heater 112. Since the thermal fuse
110 has the same function and constitution as the thermal fuse
110 shown 1n F1G. 1, adetailed description of the thermal fuse
110 will be omutted.

The diode 113 for preventing the reverse current electri-
cally connects the switching element 120 to the heater 112 to
allow a forward current to flow from the heater 112 to the
switching element 120. The diode 113 for preventing the
reverse current prevents a current from tlowing from the
switching element 120 to prevent improper operation of the
heater 112. Since the diode 113 has the same function and
constitution as the diode 113 shown in FIG. 1, a detailed
description of the diode 113 will be omatted.

The switching element 120 may be implemented by a
field-effect transistor, a bipolar transistor, or any other suit-
able switching element. When the switching element 120 1s
implemented by a field-efiect transistor, such as an N-channel
MOSFET as shown 1 FIG. 1, or any other suitable field-
clfect transistor, a drain of the switching element 1s electri-
cally connected to the heater 112 through the diode 113, a gate
of the switching element 120 1s electrically connected to
microcontroller 340 through the noise removing unit 140, and
a source of the switching element 120 is electrically con-
nected to ground through the resistor 114 that controls an
amount of the electric current flowing through the heater 112
and the switching unit 120 as described above with respect to
FIG. 1. Since the switching element 120 and the resistor 114
have the same function and constitution as the switching
element 120 and the resistor 114 shown 1n FIG. 1, a detailed
description of the switching element 120 and the resistor 114
will be omitted.

FI1G. 4 15 a circuit diagram of a battery pack according to an
aspect of the invention. Referring to FIG. 4, a battery pack
400 including a safety circuit includes a rechargeable battery
310, a charging/discharging direction switching unit 320, a
thermal fuse 110, a switching element 120, a protection cir-
cuit 330, a microcontroller (MCU) 340, and a noise prevent-
ing diode 210. The battery pack 400 1s connected to a load or
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charger 700 so that the battery pack 400 1s connected to the
load 700 during a discharging operation, and 1s connected to
the charger 700 during a charging operation. The recharge-
able battery 310, the charging/discharging direction switch-
ing unit 320, the thermal fuse 110, the switching element 120,
the protection circuit 330, the microcontroller 340, and the
load or charger 700 are the same as those shown 1n FIG. 3.

The noise preventing diode 210 electrically connects the
switching element 120 to the microcontroller 340 to allow a
forward current to flow from the microcontroller 340 to the
switching element 120. The microcontroller 340 outputs a
signal to turn the switching element 120 on to cause the
thermal fuse 110 to open and interrupt the current flowing in
the main current path 30 when the battery pack 400 1s oper-
ating 1n an unstable state, such as overheating, overcharging,
overdischarging, etc., or when there 1s an abnormal state, such
as an electrical short, etc., 1n the charging/discharging direc-
tion switching umt 320. Accordingly, the noise preventing
diode 210 blocks a noise current 1n the signal outputted from
the microcontroller 340 to prevent an erroneous operation of
the switching unit 120. When an RF signal 1s transmitted from
a radio set operating near the battery pack 400, and the printed
circuit pattern electrically connecting the noise preventing
diode 210 to the microcontroller 340 functions as an antenna
to receive the RF signal and generate the noise current, the
noise preventing diode 210 blocks the noise current to prevent
the noise current from erroneously turning on the switching
clement 120 and erroneously causing the thermal fuse 110 to
open and interrupt the current flowing in the main current path
30. The noise preventing diode 210 may be implemented by a
Schottky diode to block a noise current having a high fre-
quency. Thus, the noise preventing diode 210 prevents an RF
signal from causing the thermal fuse 100 to open erroneously
and rendering the battery pack 400 unusable.

A length of the printed circuit pattern 211 electrically con-
necting the noise preventing diode 210 to the microcontroller
340 1s preferably in the range of 0.5 to 3 mm. Since the
preferred length of the printed circuit pattern 211 1s described
above 1 connection with FIG. 2, a detailed description
thereof will be omatted.

The damping resistor 220 electrically connects the switch-
ing element 120 to the noise preventing diode 210. When an
RF signal 1s transmitted from the radio set operating near the
battery pack 400, the damping resistor 220 damps the noise
current that 1s generated by the printed circuit pattern 211
acting as an antenna and receiving the RF signal, thereby
preventing the noise current from erroneously turning the
switching element 120 on.

The damping resistor preferably has a power consumption
in the range of V2 to /16 W. When an RF signal 1s transmitted
from a radio set having transmission output ol 4 W operating
near the battery pack 400, the damping resistor 220 having the
power consumption in the range of 2 to 16 W 1s eflective to
damp the noise current generated in the printed circuit pattern
211 by reception of the RF signal.

The safety circuit or the battery pack including the safety
circuit according aspects ol the invention produces the fol-
lowing effects.

First, the safety circuit prevents overheating and explosion
of an electronic device by iterrupting the main current path
ol the electronic device.

Second, the safety circuit prevents the switching element
from erroneously turning on and causing the thermal fuse to
erroneously open and interrupt the main current path due to
noise generated in the circuit for operating the switching
clement, and noise generated by the printed circuit pattern
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acting as an antenna and recerving the RF signal transmitted
by the radio set operating near the safety circuit.

Third, the battery pack including the safety circuit prevents
overheating and explosion of the battery pack during charg-
ing and discharging by interrupting the charging and dis-
charging current path of the battery pack when overcharging
or overdischarging 1s detected.

Fourth, the battery pack including the safety circuit is able
to perform charging and discharging of the battery reliably
because the safety circuit prevents the switching element
from erroneously turning on and causing the thermal fuse to
erroneously open and interrupt the main current path due to
noise generated in the circuit for operating the switching
clement, and noise generated by the printed circuit pattern
acting as an antenna and recerving the RF signal transmitted
by the radio set operating near the battery pack.

Although several embodiments of the invention have been
shown and described, 1t would be appreciated be understood
by those skilled in the art that changes may be made 1n these
embodiments without departing from the principles and spirit
of the invention, the scope of which 1s defined 1n the claims
and their equivalents. Therefore, 1t understood that the vari-
ous embodiments described above are for purposes of 1llus-
tration only, and are not to be construed as limiting the imven-
tion in any way.

What 1s claimed 1s:

1. A satety circuit comprising:

a thermal fuse electrically connected 1n a main current path
so that an electric current flowing in the main current
path flows through the thermal fuse;

a switching element electrically connected to the thermal
fuse to cause the thermal fuse to open and interrupt the
clectric current flowing 1n the main current path when
the switching element 1s turned on;

a microcontroller electrically connected to the switching
clement and the main current path to turn on the switch-
ing element when an overcurrent flows 1n the main cur-
rent path; and

a noise removing unit electrically connecting the micro-
controller to the switching element.

2. The safety circuit of claim 1, wherein:

the thermal fuse comprises:

a Tuse electrically connected 1n the main current path so
that the electric current flowing in the main current
path flows through the fuse; and

a heater to heat the fuse when a heater electric current
flows through the heater; and

the switching element 1s electrically connected to the
heater to cause the heater electric current to flow through
the heater when the switching element is turned on.

3. The safety circuit of claim 1, further comprising a diode
clectrically connecting the switching element to the thermal
fuse to enable a forward current to flow from the thermal fuse
to the switching element, and to prevent a reverse current
from flowing from the switching element to the thermal fuse.

4. The safety circuit of claim 1, wherein the switching
clement 1s a field-effect transistor.

5. The pack type battery of claim 4, further comprising a
resistor electrically connecting a source of the field-effect
transistor to ground to control an amount of electric current
flowing through the field-etfiect transistor to ground.

6. The safety circuit of claim 1, wherein the noise removing
unit comprises a noise preventing diode electrically connect-
ing the switching element to the microcontroller to enable a
forward current to flow from the microcontroller to the
switching element, and to prevent a reverse current from
flowing from the switching element to the microcontroller.
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7. The safety circuit of claim 6, wherein the noise prevent-
ing diode 1s a Schottky diode.

8. The safety circuit of claim 6, wherein a length of a
printed circuit pattern electrically connecting the noise pre-
venting diode to the microcontroller 1s 1n a range of 0.5 to 3
mm.

9. The safety circuit of claim 6, further comprising a damp-
ing resistor electrically connecting the switching element to
the noise preventing diode.

10. The safety circuit of claim 9, wherein a power con-
sumption of the damping resistor 1s in a range of 12 to Vi W.

11. A battery pack comprising:

a rechargeable battery electrically connected to a main
current path;

a charging/discharging direction switching unit electri-
cally connected 1in the main current path to set a charg-
ing/discharging direction of the main current path;

a thermal fuse electrically connected in the main current

path so that an electric current tlowing 1n the main cur-

rent path flows through the thermal fuse;

a switching element electrically connected to the thermal
fuse to cause the thermal fuse to open and interrupt the
clectric current flowing 1n the main current path when
the switching element 1s turned on;

a protection circuit electrically connected to the recharge-
able battery to measure a voltage of the rechargeable
battery, and electrically connected to the charging/dis-
charging direction switching unit to control the charg-
ing/discharging direction switching unit to set the charg-
ing/discharging direction of the main current path,
wherein the protection circuit outputs signals providing
information about the measured voltage of the recharge-
able battery and information about operating conditions
of the protection circuit;

a microcontroller electrically connected to the protection
circuit to receive the signals providing information
about the measured voltage of the rechargeable battery
and the operating conditions of the protection circuit
outputted from the protection circuit, electrically con-
nected to the main current path to measure an amount of
the electric current flowing 1n the main current path, and
clectrically connected to the switching element to turn
on the switching element when an overcurrent flows 1n
the main current path; and

a noise removing unit electrically connecting the micro-
controller to the switching element.

12. The battery pack of claim 11, wherein:

the thermal fuse comprises:

a Tuse electrically connected in the main current path so
that the electric current flowing 1n the main current
path tflows through the fuse; and

a heater to heat the fuse when a heater electric current
flows through the heater; and

the switching element 1s connected to the heater to cause
the heater electric current to flow through the heater
when the switching element 1s turned on.

13. The battery pack of claim 11, further comprising a
diode electrically connecting the switching element to the
thermal fuse to enable a forward current to flow from the
thermal fuse to the switching element, and to prevent a reverse
current from tlowing from the switching element to the ther-
mal fuse.

14. The battery pack of claim 11, wherein the switching
clement 1s a field-effect transistor.

15. The battery pack of claim 14, further comprising a
resistor electrically connecting a source of the field-effect




US 8,049,469 B2

13

transistor to ground to control an amount of electric current
flowing through the field-efiect transistor to ground.

16. The battery pack of claim 11, wherein the noise remov-
ing unit comprises a noise preventing diode electrically con-
necting the switching element to the microcontroller to
enable a forward current to tlow from the microcontroller to
the switching element, and to prevent a reverse current from
flowing from the switching element to the microcontroller.

17. The battery pack of claim 16, wherein the noise pre-
venting diode 1s a Schottky diode.

14

18. The battery pack of claim 16, wherein a length of a
printed circuit pattern electrically connecting the noise pre-
venting diode to the microcontroller 1s 1n a range of 0.5 to 3
mm.

19. The battery pack of claim 16, further comprising a
damping resistor electrically connecting the switching ele-
ment the noise preventing diode.

20. The battery pack of claim 19, wherein a power con-
sumption of the damping resistor 1s in a range of 12 to Vi W.
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